ABSTRACT. Objective. Treatment for attention-deficit/hyperactivity disorder is maintained typically over periods of months or years and, as a result, the potential effects on growth of pharmacotherapy for this disorder have been an area of concern. This meta-analysis examined the effect on growth of atomoxetine, now approved in the United States for the treatment of attention-deficit/ hyperactivity disorder.
ABBREVIATIONS. ADHD, attention-deficit/hyperactivity disorder; MTA, Multimodal Treatment Study of children with attention-deficit/hyperactivity disorder.
A ttention-deficit/hyperactivity disorder (ADHD) is among the most common psychiatric disorders of childhood, and pharmacotherapy is now widely regarded as the most effective intervention for most patients. 1, 2 Because ADHD is a chronic disorder, typically treatment is maintained for periods of months or years; as a result, the potential effects of pharmacologic treatments for ADHD on developmental outcomes, particularly growth, have been an area of interest and concern for many clinicians. Until recently, however, only limited systematic data about the effects of ADHD treatments on growth have been available. [3] [4] [5] [6] [7] [8] In recent years, more efforts have been made to investigate the issue of whether growth in height and weight is affected by long-term pharmacologic treatment, and the recent Multimodal Treatment Study of children with ADHD (MTA) results, 9 together with the introduction of regulatory requirements for systematic investigations of drug effects during long-term treatment, have created a growing body of data to address this question.
Several recent studies have suggested that the initiation of psychostimulant treatment is associated with a modest decline in growth rates that abates with time and that, over longer periods, both weight and height gains are at or close to expected values. 6, 8 Data from the MTA trial of methylphenidate, dosed 3 times per day, showed somewhat more pronounced effects on growth by early adolescence. 10 Atomoxetine, a nonstimulant, selective, norepinephrine reuptake inhibitor, was approved by the US Food and Drug Administration as a treatment for ADHD. [11] [12] [13] [14] The clinical development of atomoxetine was conducted primarily in pediatric populations and included a provision for children and adolescents who completed short-term studies (typically 6 -12 weeks) to continue to receive treatment in an ongoing, long-term, extension study for up to 5 years. As part of all of these studies, weight and height were measured and recorded regularly, providing an opportunity to evaluate systematically the effects of long-term treatment with atomoxetine on growth. We report data on weight and height for patients who completed Ն2 years of treatment with atomoxetine.
METHODS

Patient Group and Study Design
Data were pooled from 13 multicenter trials conducted at 90 sites across North America as part of the clinical development program for atomoxetine. Patients included children and adolescents between the ages of 6 and 16 years at the time of initial assessment. ADHD (as defined in the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition) was assessed clinically and confirmed with the Kiddie Schedule for Affective Disorders and Schizophrenia. 15 The studies allowed patients who entered and completed a short-term study the option to continue treatment for up to 5 additional years in an extension study. The studies that fed into the extension ranged from 6 weeks to 2 years in length and used similar dose ranges, with a target dose of 1.2 mg/kg per day and a maximal dose of 1.8 mg/kg per day in most studies. The total daily dose was administered either once daily or as a divided twice-daily dose. Each study was reviewed and approved by the institutional review boards for the participating study sites. After complete explanation of the procedures and risks of the studies, each patient's parent or legal guardian signed written informed consent forms and each patient signed assent forms. These studies were conducted in accordance with the ethical standards of the Declaration of Helsinki (1975, as revised in 2000). 16 All patients underwent medical history recording and a complete physical examination at entry into the initial study and again at entry into the extension study. Routine laboratory examinations, including serum electrolyte assays, liver function tests, and complete blood counts, and electrocardiography were performed at the initial study entry and periodically thereafter, to monitor safety. Patients with serious medical illnesses were excluded, and administration of psychotropic medications other than atomoxetine was not allowed except for one 187-patient study in which some of the patients had an 8-week period of fluoxetine coadministration. Weight was measured at every study visit in all studies. Height was measured at the initial and final study visits for all studies. In the extension study and in the 2 initial studies that lasted Ͼ6 months, height was measured at study entry and then at regular intervals that did not exceed 6 months.
Statistical Analyses
Two study populations were defined for analytical purposes. The first population included all patients who completed Ն2 years of treatment and had a weight or height measurement performed after 2 years of drug exposure. For these patients, changes in weight and height and changes in weight and height percentiles, relative to population normative values for age and gender, 17 were calculated for the overall period of drug exposure and for selected time points up to 2 years. Two additional analyses were performed with a second population, which included all patients who received atomoxetine therapy. This was done to assess the effect of treatment discontinuation on the results of the analyses that included only patients with 2 years of drug exposure. These analyses included t tests, comparing results for patients who discontinued treatment after 0 to 3, 3 to 6, 6 to12, or 12 to 18 months of exposure with results for patients with Ն2 years of exposure, and repeated-measures analyses. These repeated-measures analyses modeled weight and height z scores (taking into account both the mean and the SD of the sample to provide information about the relative weight and height of subgroups) and included effects of the duration of atomoxetine exposure and the duration of exposure squared.
Changes from baseline to end point in weight, height, and BMI z scores were summarized separately for subgroups of patients, on the basis of gender, age, and modal atomoxetine daily dosage. Subgroup differences were analyzed with an analysis of covariance model with effects for baseline value and subgroup. Repeated-measures analyses with data for all patients were also performed and included effects for subgroup, duration of atomoxetine exposure, and duration of exposure squared and interaction terms for subgroup, duration of exposure, and duration of exposure squared (a model arrived at through backward selection from models with higher-order polynomial terms).
RESULTS
A total of 2551 patients received atomoxetine and had baseline weight and height measurements. Of these, 2327 had Ն1 other height measurement and 2532 had Ն1 other weight measurement. A total of 419 patients received atomoxetine for Ն2 years. Of these, 412 had a weight measurement recorded after 2 years and 382 had a height measurement recorded after 2 years. The numbers of patients included in the weight and height analyses are different because weight was measured at every visit but height was measured less frequently. Therefore, some patients in these ongoing trials had not yet had a height measurement after passing the 2-year treatment date at the cutoff time for inclusion in these data analyses.
Patient characteristics for those receiving atomoxetine therapy (N ϭ 2551) are summarized in Table 1 . Mean changes in weight, height, and BMI after Ն2 years of treatment are summarized in Table 2 . At baseline, the mean weight percentile was 60.1 (z score: 0.41) and the mean height percentile was 51.8 (z score: 0.06). As is typical in the North American population (from which the patients were drawn), the patients weighed more than expected, given their height (mean BMI percentile: 62.2; z score: 0.44).
For the 412 patients with weight measurements recorded after 2 years, there was a marked absolute mean weight gain of ϳ10.79 kg at the end point. These values corresponded to slight mean decreases, relative to baseline normative weights (Ϫ2.7 percentiles, P ϭ .002). Compared with final height, however, final weight was still slightly above that expected (mean BMI percentile: 59.6; z score: 0.35). The decrease from the predicted weight, assuming maintenance of the baseline weight percentile, was 0.87 kg at the end point. Weight percentiles plotted against time (a measure of growth velocity) are shown in Fig  1, A. These data points reveal an initial decrease followed by maintenance of weight percentiles over time. A repeated-measures analysis of z scores that included data for all enrolled patients with Ն1 postbaseline weight measurement showed results similar to those observed in the completer analysis (Fig 1, B) . For the 382 patients with height measurements after 2 years, there was a marked absolute mean height gain (13.3 cm at the end point) ( Table 2 ). This value corresponded to a slight decrease, relative to the baseline mean normative height value (Ϫ2.2 percentiles, P ϭ .02). The decrease from the height predicted by assuming maintenance of the baseline height percentile was 0.44 cm at the 2-year end point. Height percentile changes from baseline plotted against time are shown in Fig 2, A. These data points reveal an initial decrease but maintained height percentiles over time. A repeated-measures analysis of z scores that included data for all enrolled patients with Ն1 postbaseline height measurement showed results similar to those observed in the completer analysis (Fig 2, B) .
Analyses of weight and height according to baseline normative quartile are shown in Table 3 . For both weight and height, the quartile of patients who were smallest at baseline increased in final percentile, whereas patients in the highest quartile had a decrease in end-point percentile. A concomitant change occurred in BMI, such that patients in the lower quartiles at baseline had an increase at the end point, whereas patients in the upper quartiles at baseline had a decrease at the end point. Overall, weight and height changes from baseline to end point (z scores) were correlated significantly, even when baseline weight and height z scores were taken into account (partial correlation: 0.56; P Ͻ .001).
The numbers and percentages of patients of lowest weight and height (relative to the general population) at baseline are presented in Table 4 . The percentage of patients with weights 1.5 SDs lower than the population mean increased significantly from baseline (3.6%) to end point (7.3%, P ϭ .008). The * P values were derived from paired t tests to assess within-group differences.
percentage of patients with weights 2.0 SDs lower than the population mean at baseline did not change significantly at end point. In addition, there were no significant changes from baseline to end point in the percentages of patients with heights 1.5 or 2.0 SDs below the population mean.
Changes from baseline in weight and height according to baseline BMI quartile were also calculated. Patients whose baseline BMI values were in the lower quartile increased in final percentile for both weight (ϩ2.8%) and height (ϩ0.1%), whereas patients with baseline BMI values in the highest quartile had a decrease in end-point percentile for both weight (Ϫ6.1%) and height (Ϫ3.1%).
Analyses of growth data according to atomoxetine dose, conducted with subgroups of patients with modal doses of atomoxetine that were low (Ͻ1.0 mg/kg per day), intermediate (1.0 -1.4 mg/kg per day), or high (Ͼ1.4 mg/kg per day), revealed no statistically significant effects of atomoxetine dose on changes from baseline to final standardized weight, height, or BMI (data not shown). There were also no statistically significant gender differences in changes from baseline to final standardized weight, height, or BMI. However, repeated-measures analyses with all patient data showed a statistically significant difference between genders in normative weight values, suggesting that, at least initially, female patients showed greater decreases in normative weight but this difference was made up for with time (data not shown).
Analysis of standardized growth data according to age at first atomoxetine dose is shown in Table 5 and indicates, for weight, a significant effect of age (P ϭ .005), such that Ͻ9-year-old patients showed decreases after atomoxetine treatment (change in z score: Ϫ0.26), 9-to 13-year-old patients showed smaller changes (z ϭ Ϫ0.07), and Ͼ13-year-old patients were not affected at all (z ϭ 0.0). For height, there was also a significant effect of age (P ϭ .048), such that Ͻ9-year-old patients showed decreases after atomoxetine treatment (change in z score: Ϫ0.17), 9-to 13-year-old patients showed smaller decreases (z ϭ Ϫ0.05), and Ͼ13-year-old patients actually showed increases (z ϭ 0.07). For BMI, there was not a statistically significant effect of age. Repeated-measures analyses with all patient data showed a statistically significant difference between age groups in both normative weight and height values, with younger children at least initially showing greater decreases in normative values. All age groups resumed normal growth velocity as treatment progressed.
To assess the impact of patients who discontinued treatment, normative weight and height observations at the time points described below for patients who discontinued treatment at selected time points were compared with observations at the same time points for patients who completed Ն24 months of treatment with a 2-sample t test. The last weight measurements obtained before the start of a time interval for patients who discontinued treatment were compared with weight measurements taken at a similar time point for 24-month exposure patients (data not shown). The only statistically significant change was seen when patients who discontinued treatment after 3 to 6 months of exposure were compared with the 24-month exposure patients; 24-month exposure patients showed a greater decrease in normative weight. This observation does not suggest a clinically meaningful trend.
The last height measurements for patients who discontinued treatment after various intervals were compared with height measurements taken at similar time points for patients who completed 24 months of treatment (data not shown). One statistically significant difference was observed between groups (12-18 months); however, this difference was minimal and was not observed at any other time point. There was no pattern suggesting meaningful differences between patients who completed 24 months of treatment and those who discontinued treatment at earlier time points. 
months of treatment; however, during the subsequent Ն18 months, rates were as expected for weight and height. After Ն2 years of treatment, mean weight and height increased to values close to those predicted by age and gender normative values. There was only a ϳ2-percentile change in height, from the mean 52nd percentile to the 50th percentile, and this was related largely to effects early in treatment. This change would correspond to a mean decrease from the height predicted by the initial height of only 0.44 cm. In addition, the analyses of changes according to quartile for both weight and height suggested that the smallest patients, who were presumably most at risk for clinically important effects, were least affected. These data suggest that atomoxetine has a modest initial effect on growth rates that does not persist during periods of extended treatment.
Interestingly, the analyses of changes relative to baseline quartiles for weight and height suggested some regression to the mean, with the most marked changes being observed for the patients in the highest and lowest quartiles. Similar findings were reported for children treated with methylphenidate 18 and amphetamine, 19 with long-term treatment of children Ͻ13 years of age. We cannot fully account for this finding but speculate that it may be related to inherent variability in growth processes. Growth curves represent average growth and do not fully reflect individual growth trajectories. This problem may be exacerbated by issues of pubertal tempo among adolescents. In our study, the mean age at study entry was 10.6 years. Therefore, the 2-year period of observation coincided with the onset and development of puberty for many patients. Tanner and Davies 20 suggested that children who experience relatively early onset of puberty tend to reach their final height faster and are thus tall for their age early but not later. Similarly, children who reach puberty later tend to be short for their age early but not later. It is likely that the sample distribution of weight and height was affected at the beginning of the study because of early or late pubertal development and, over the course of the study, moved back toward the population mean as the group became older and differential effects related to the timing of puberty decreased.
Results indicated a statistically significant difference between genders, suggesting a slightly greater effect on growth velocity for weight among boys (consistent with a recent report by Lisska and Rivkees 4 ). However, the overall patterns of responses, with modest early decreases in growth velocity followed by resumption of normal growth rates during ongoing treatment, were similar for the 2 genders. Similarly, there was a statistically significant change across age groups for both weight and height, with greater slowing of growth velocity early in treatment among younger children. However, all groups resumed normal growth velocity as the length of treatment increased. Because the observed differences between groups (male/female, younger/older) for these effects were small and because all growth velocity returned toward a normal trajectory over time, these findings, although statistically significant, seem unlikely to represent clinically meaningful differences.
Also of interest, the modal dose did not seem to be related to outcomes. This could reflect confounding related to pharmacokinetic variability, because low doses could be associated with high plasma drug exposures for some patients, whereas other patients could receive higher doses but have relatively low plasma drug exposures. However, the lack of relationship of dose to apparent growth effects provides additional evidence of the generally benign relationship of atomoxetine to growth processes.
The finding of an acute effect that resolved during chronic treatment could be related to several factors. Initiation of treatment with atomoxetine is associated with a decrease in appetite, which could result in decreased caloric intake and lead to the initial decrease in weight. This hypothesis is consistent with the observation in clinical studies that, over time, decreased appetite tends to diminish as a reported adverse effect. It also suggests that the addition of a caloric supplement for a period of time when treatment is initiated could blunt the initial deceleration in growth velocity. This is consistent with a previous report on hypopituitarism that suggested that changes in appetite modulate changes in growth rates. 21 Alternatively, because it is known that norepinephrine affects neuroendocrine systems that modulate growth, [22] [23] [24] it is possible that increased noradrenergic tone related to atomoxetine could affect the regulation of the hypothalamic-pituitarygrowth axis. Because neuroendocrine systems are quite resilient and tend to return to homeostatic setpoints, this mechanism could also be consistent with the observed pattern of early effects on growth that diminish with time.
Several factors limit the interpretation of these data. The comparison data used for prediction of expected growth rates were taken from normative population growth data, rather than from a matched, randomized sample. This choice reflects the fact that randomizing a matched group of patients to placebo or to a psychosocial intervention for an extended period for comparison purposes would have been unacceptable to most clinicians, particularly in view of the results of the MTA that demonstrated superior outcomes for children randomly assigned to pharmacologic treatment, compared with those randomly assigned to a psychosocial intervention. The study also cannot control for effects on growth related to ADHD itself, which were reported by some researchers. 6, 7 It is noted that collection of weight and height data at multiple sites over a long period of time might have resulted in variability related to measurement errors, which could have affected the observed outcomes. However, given the size of the sample and the likelihood that most measurement errors were random, errors would likely increase the random noise in the sample but not systematically bias the results. Errors made consistently across visits (for example, weighing patients with their shoes on) would not affect greatly examinations of changes over multiple visits. Therefore, we consider it unlikely that measurement errors seriously affected the results.
Finally, it is possible that the patients who did not remain in the study for the full 2 years (either because they discontinued treatment or because the original study protocol was Ͻ2 years) would have had an effect on this analysis had they been included. The dropout analysis, however, indicated that this would not have been the case. For weight, in the only dropout time interval that showed a significant difference, if the patients who dropped out had been included, then actually the weight loss noted in this study would have decreased. For height, there was a statistically significant difference at 1 isolated time point, but this was not indicative of a clinically significant trend.
CONCLUSIONS
The data presented here suggest that, at the group level, there was only a minimal effect on height after 2 years of treatment with atomoxetine; for those most at risk (those in the lowest quartile), there seemed to be no effect. Individual patients, however, could show more (or less) pronounced effects. Therefore, it is important for clinicians to assess growth periodically during treatment and, for patients who seem to be growing more slowly than expected, to consider whether treatment with atomoxetine is a factor.
